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Abstract 
The recent experiences in the building, maintenance and reuse of ontologies has shown that the most efficient 
approach is the collaborative one. However, communication between collaborators such as IT professionals, 
librarians, web designers and subject matter experts is difficult and time consuming. This is because there are 
different reasoning strategies, different logics and different kinds of knowledge representation in the applications of 
Semantic Web. This article intends to be a reference scheme. It uses concise and simple explanations that can be used 
in common by specialists of different backgrounds working together in an application of Semantic Web.  
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Resumen 
Las últimas experiencias en la construcción, mantenimiento y reuso de ontologías han mostrado que el modo más 
eficiente de trabajo es el de tipo colaborativo. Sin embargo la comunicación entre quienes trabajan en construcción de 
ontologías, tales como los profesionales en tecnologías de la información, los bibliotecarios y los diseñadores de 
espacios web, así como los especialistas en los dominios específicos, es dificultosa y requiere mucho tiempo. En este 
artículo se sostiene que parte de esto sucede porque en la construcción de ontologías  confluyen diferentes estrategias 
de razonamiento, diferentes lógicas y diferentes formas de representación del conocimiento. Por medio de varios 
gráficos que muestras las vinculaciones entre estrategias de razonamiento, lógicas y modos de representación, 
intentamos ofrecer un marco de referencia para comprender la vinculación entre estos aspectos. Esperamos que este 
esquema sirva para que especialistas con diferentes formación y experiencias puedan trabajar juntos en aplicaciones 
de ontologías para Web Semántica. 
Palabras clave: 
ENFOQUE MULTIDISCIPLINARIO, ONTOLOGIAS, REPRESENTACION DEL CONOCIMIENTO, WEB 
SEMANTICA  
 
 
Introduction 
 
Berners-Lee’s dream was that information in the Semantic Web would be expressed 
with “well-defined meanings, enabling computers and people to work in cooperation.” 
However, the activity of reasoning about the real world and the digital world at the same 
time is a complex one that involves multiple reasoning strategies, structures and 
elements from different languages. 
Thanks to the contribution of many disciplines, the Semantic Web is continuously 
developing. Therefore, the formalisms of knowledge representation consist of different 
kinds of logics in different kinds of representation formats. There are many aspects 
involved, such as description logic, classification systems, object oriented data structure 
and markup languages. 
This article is based on the writer’s experience as a document management consultant 
for companies and organizations in Milan, Italy, and Buenos Aires, Argentina, and as 
researcher and professor of Technologies in Social Communication at the National 
University of La Plata, Argentina. Having a common scheme proved very useful when 
working with professionals from different backgrounds. It allowed us to know in which 
level of knowledge representation we were at any given moment and to understand each 
other’s points of view. 
The current situation will be outlined with the aid of graphics and brief explanations. 
 
What is Knowledge Representation in the Digital World?  
 
Different disciplines and professionals involved would agree with the following 
definition: 
−  “A knowledge representation (KR) is most fundamentally a surrogate, a 
substitute for the thing itself, used to enable an entity to determine consequences 
by thinking rather than acting, i.e., by reasoning about the world rather than 
taking action in it.  
− It is a set of ontological commitments, i.e., an answer to the question: In what 
terms should I think about the world?  
− It is a fragmentary theory of intelligent reasoning, expressed in terms of three 
components: (i) the representation's fundamental conception of intelligent 
reasoning; (ii) the set of inferences the representation sanctions; and (iii) the set 
of inferences it recommends.  
− It is a medium for pragmatically efficient computation, i.e., the computational 
environment in which thinking is accomplished. One contribution to this 
pragmatic efficiency is supplied by the guidance a representation provides for 
organizing information so as to facilitate making the recommended inferences.  
− It is a medium of human expression, i.e., a language in which we say things 
about the world.” (Davis et al. 1993)  
Many definitions of the concept knowledge representation may be put forth. This has 
been the subject of many discussions throughout the years. This work uses this 
definition only. Although it may be considered a very general one, it has been chosen 
because the writer believes it encloses the main features of the problem that occupies 
this work: the building, maintenance and reuse of ontologies. 
 
 
 
What is  Knowledge Representation in the Semantic Web? 
 
When applied to the Semantic Web, there are restrictions to the definition above. This is 
because knowledge representation is only used to describe content and formal aspects of 
web resources. The resulting description is expressed by a specific markup language for 
metadata: Resource Description Format (RDF).  
This aspect of the representation of web resources described by RDF is the most evident 
layer, but within this aspect there are also other less visible levels. Each one uses 
application tools based on conceptual schemes and logic tools. All of this is expressed 
by a declarative knowledge representation methodology. 
The graphic below shows the logics, the tools and the levels of knowledge 
representation involved in the Semantic Web.  (See Figure 1) 
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This figure will be later explained step by step. 
 
 
First Level: Methodologies for Knowledge Representation in Intelligent Systems: From 
the Procedural Form to the Declarative Form 
 
Figure 1 shows that the most abstract level of representation in the Semantic Web is the 
declarative knowledge representation.  
Historically, intelligent systems have used two methodologies: the Procedural form and 
the Declarative form. In the former, knowledge is integrated in the computer program. 
This methodology has many advantages because of its high level of specificity where 
algorithms are tailor-made. On the other hand, it does lack versatility, and making 
changes to the program is difficult.  
The procedural methodology has been in use for a long time, but since the 80s the 
declarative knowledge representation has become more widespread. In this 
methodology the representation is independent from the computational process. It is 
flexible and has a strong logical base. However, its great level of abstraction that may 
result in a lack of consistency in maintaining its logic.  
In the Semantic Web the markup language that is expressed by the metadata to describe 
web resources has its genesis in the procedural methodology. The Standard Generalized 
Markup Language (SGML) was developed by Charles Goldfarb in 1969. Originally 
called General Markup Language, it was used to exchange documents at IBM. It was 
quickly adopted for document circulation by the US Department of Defense and by the 
Office for Official Publications of the European Communities, both of them IBM 
clients. In 1986 it was adopted by the International Standard Organization. Thus the 
GML became the widely used ISO 8879 standard. (Bryan 1998). 
This peculiar situation shows two aspects of SGML: it was created for corporate 
documents and it was meant for data processing, specifically for the exchange of data. 
Hence, the key words for ISO 8879 are:  
“Data processing, documentation, Logical structure, programming (computers), 
artificial languages, programming languages.” (ISO 1986) 
It should be noted that the success of SGML is not only due to its data processing 
aspects, but also to its capability in exchanging specific information in a semantically 
expressive non-procedural mode.  
When SGML evolved into Extensible Markup Language (XML), it was able to apply 
the Description or Terminological Logics, which is a sort of declarative representation. 
“Description logics are knowledge representation languages tailored for expressing 
knowledge about concepts and concept hierarchies. (...) They are considered an 
important formalism unifying and giving a logical basis to the well known traditions of 
frame-based systems, semantic networks and KL-ONE-like languages, object-oriented 
representations, semantic data models, and type systems. The basic building blocks are 
concepts, roles and individuals. Concepts describe the common properties of a 
collection of individuals and can be considered as unary predicates which are 
interpreted as sets of objects. Roles are interpreted as binary relations between objects.” 
(Lambrix 2005)  
RDF is a specific application of XML and it is the main tool for the Semantic Web. Its 
importance arises from its blending procedural specificity with the potential of 
declarative abstraction by using description logic.  (See Figure 2) 
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The result is a powerful and expressive format that allows knowledge representation in 
the digital world: 
“The Resource Description Framework (RDF) integrates a variety of applications from 
library catalogs and world-wide directories to syndication and aggregation of news, 
software, and content to personal collections of music, photos, and events using XML as 
an interchange syntax. The RDF specifications provide a lightweight ontology system to 
support the exchange of knowledge on the Web.” http://www.w3.org/RDF/ 
 
Consequently, through the description logic combined with a markup language, RDF 
becomes a controlled language in which the syntax is independent from system 
procedures and the terminology is adequate to the application domain. It has well 
defined and very expressive semantics. 
 
 
Second Level: The Logic of Indexation for Cataloguing and Classifying 
 
Recent studies say that XML is the “lingua franca” of  the Web, as RDF is the area of 
work of IT professionals and web designers. However, XML is not exactly a lingua or 
language. It is actually a set of syntax rules, and therefore an annotation. In order to 
create a language based on XML syntax it is necessary to have the means for providing 
this annotation of semantics. XML follows the descriptive logics as indicated above. It 
organizes the representation of system domains by concept hierarchies ordered into 
classes and subclasses of digital objects. This kind of organization is similar to the 
controlled languages used in library subject catalogs. It is therefore possible to take 
advantage of the experience of Library and Information Science (LIS) professionals in 
classifying and cataloguing (See Figure 3).  
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Nevertheless, there is problem. Even though the methods for building controlled 
languages for document management are similar to the hierarchical structure of XML 
syntax, the application is different. As mentioned above, the goal of the Semantic Web 
is to represent Web resources. This means it describes digital objects and not references 
alone like library systems do. 
It should be noted that it is not the same to index an object and to index something that 
is the reference to that object. 
The main focus of LIS is to reference formal and content aspects of documents. The 
behavior of documents in a digital environment is limited to storage, search and  
retrieval. Hence, other activities like creation, revision or modification are accomplished 
by other systems, such as Content Management Systems (CMS).  
It is important to integrate all the functions of documents with different systems. But on 
the other hand, digital objects have two different aspects: the data and the metadata. 
The metadata structure is similar to the reference of a document catalog, with additional 
features. For example, the Dublin Core Metadata Initiative (DCMI) has many different 
core elements:  
− content elements such as title, keywords, abstract, source, language, spatial and 
temporary coverage.  
− relationship with other documents. 
− copyright and authoring elements such as creator, contributor,  publisher.  
− elements that relate to the instance of the document: date, resource-type, format, 
resource-identifier.  
A large amount of these DCMI elements are analogous to the descriptions in 
classification and cataloguing systems. When considering documents and other digital 
objects in an information system domain, there are some aspects of digital objects such 
as attributes, behavior, relations and cardinality, that are expressed by another logic.  
Nowadays the leading point of view to express these aspects is the object-oriented one. 
 
Third Level: the Logic of  the Object Oriented Paradigm 
 
 
The transformation from procedural form to declarative form has brought important 
changes to the development of programs. The procedural paradigm considers the 
computer program as a collection of functions or a list of instructions given to the 
computer.  
The Object Oriented Paradigm clashes with this traditional point of view, as it considers  
a computer program a set of interacting individual units or objects, where any object can 
manage its own state and operations. (See Figure 4) 
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This Object Oriented logic makes domain assumptions explicit in a very understandable 
way for humans. But those domain assumptions still need to be complex enough used 
by the system. This balance is possible by separating the domain knowledge from the 
operational knowledge by means of terms used for representing concepts that are an 
abstraction of the objects’ main properties. 
The following is a brief overview of the main features of the Object Oriented Logic: 
Classification is the capability to unify definition of data and behavior in a hierarchical 
structure of elements that belong to a domain. The classes are instances or Objects, 
which define each specific part of a system. These Objects are explicit abilities: 
Inheritance, Encapsulation,  Polymorphism, Abstraction. Inheritance is also called 
generalization because it is a hierarchical relationship between classes of objects. 
Encapsulation is a type of isolation applied to the data, which ensures that an object can 
be changed only through established channels or methods. Polymorphism is the ability 
of Objects to react differently to different information –that is, two or more classes can 
respond differently to the same message. All of this would be of no use without 
Abstraction, which is the ability of the Objects to disregard the details of an Object's 
sub-class and work at a further generic level when suitable (Rumbaugh  et al. 1991). 
 
The Object Oriented Logic approach is very intuitive. It allows a direct mapping of 
objects from the real world. It is, however, difficult to build a large, coherent and 
complete representation of the system domain using a hand-made object hierarchy. 
 
It must be acknowledged that currently many experiences are being carried out applying 
alternative types of logics, such as like Fuzzy logic and Multiple valued logic for 
Semantic Web development, both in databases and other repositories of documented 
information. Nevertheless, the development of ontologies using the most common 
standards still focuses mostly on the object oriented paradigm, which actually may 
complement and expand itself through the usage of frame-based representation. Such is 
not the subject of this work (Lassila and McGuinness 2001) 
 
Levels of  Representation and Interactions in the Construction of Ontologies 
 
The guide for ontology building with the graphic tool Protégé from Stanford University 
considers that Object-Oriented Modeling and Ontology Engineering involves many 
common steps:   
− an iterative process  
− the division of concepts of the domain into classes 
− the arrangement of the concepts in a hierarchy  
− the process of specifying of which attributes property classes can have  and 
indicating constraints on their values  
− the filling in of slot values. 
 
The same authors indicate that the logic is the same. However, an ontology reflects the 
structure of the world and it is often about structure of concepts. Consequently, the 
actual physical representation is not an issue. An Object Oriented model reflects the 
structure of the data and is usually about behavior. Therefore, it describes the physical 
representation of data, such as long  int., char, etc. (Noy and McGuinness  2001) 
 
When working with professionals from different backgrounds in a multidisciplinary 
group, it is often rendered necessary to remember that sometimes we are observing the 
real world and sometimes we are representing the data of the domain for the information 
system.  
Now both the Object Oriented logic for the construction of ontologies and the Object 
Oriented Paradigm will be analyzed within the parameters of their relation with the 
methods of documentary classification. As mentioned above, one of the great 
differences between documentary classifications and ontologies is their aim. The former 
intends to reference an object. The latter achieves a physical and semantic description of 
the object in a specific domain of computer system application. 
This important dissimilarity is evident also in the development of classifications in LIS.  
In fact, according to Gnoli and Poli, historically there have been two approaches to the 
description of objects and events: the epistemological one and the ontological one. In 
the epistemological orientation there is a previous and external theoretical structure 
based on the class hierarchy of scientific disciplines, e.g. the Dewey Decimal 
Classification (DDC). In the ontological line the description focuses on features inherent 
to events and objects, which can be considered within the Classification Colon, the Bliss 
Classification and in general all the Faceted Classifications (Gnoli and Poli 2004). 
The Semantic Web ontologies did not inherit the tradition of bibliographical 
classifications. They arose within the tradition of the artificial intelligence. In fact, the 
objective of Semantic Web ontologies is not a broad-spectrum of knowledge but the 
restricted representation of application domain. Gradually, they have taken advantage of 
the oldest existing experiences in the field of LIS.  
The classifications that use an ontological orientation can be a precious tool and a 
framework for the development of ontologies. This is the standpoint of  the ILC project 
of ISKO, Italy. For further reference, please refer to http://www.iskoi.org/ilc 
 
Conclusions 
 
Some time ago Tom Gruber, one of the pioneers in the development of ontologies, said:  
“Every ontology is a treaty – a social agreement – among people with some common 
motive in sharing”  (Gruber 2004). 
The collaborative approach to the construction of ontologies offers an excellent 
opportunity to integrate different levels and the disciplines involved. Therefore, it is of 
importance to bear in mind the types of reasoning and the levels of knowledge 
representation. In order to make this collaboration a succesful one, it is essential to 
harmonize all aspects of the work, by providing a space for each discipline and having 
an environment which hinges on the respect for all the fields involved. (See Figure 5) 
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The communication between collaborators from different disciplines is difficult and cost 
analysis in such projects is complex, for ontology building, maintenance and reuse are 
time consuming activities. There are various research trends related to these aspects 
such as: 
− Methodologies for collaboratively creating and managing shared information 
and modeling semantically heterogeneous data sources and services. (Hodgson  
2005) 
− Semantic community support systems and collaboration applications, such as  
Groupware tools for supporting collaborative ontology design. (Díaz 2005)  
− Cost Estimation Models for Ontology Engineering (Institut für Informatik, Freie 
Universität Berlin 2005)   
 It is evident that much remains to be done. It will be easier if we work together. 
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